Objective: Previous work has demonstrated that corticospinal facilitation from 20 Hz repetitive transcranial magnetic stimulation (rTMS) was greater during a second rTMS session 24 h after the first. We sought to determine whether such metaplasticity is dependent on a particular phase of the normal sleep-wake/ circadian cycle. Methods: Twenty healthy participants received two sessions of 20 Hz rTMS over the hand motor cortex (M1) spaced 12 h apart, either over-day or overnight. Results: Baseline corticospinal excitability did not differ by group or session. The time-of-day of Session 1 did not influence the relative increase in excitability following rTMS. However, the increase in excitability from the second rTMS session was 2-fold greater in the overnight group. Conclusions: When a night with sleep follows rTMS to M1, the capacity to induce subsequent plasticity in M1 is enhanced, suggesting sleep-wake and/or circadian-dependent modulation of processes of metaplasticity. Significance: TMS treatment of neuropsychiatric disorders entails repeated sessions of rTMS. Our findings suggest that the timing of sessions relative to the sleep-wake/circadian cycle may be a critical factor in the cumulative effect of treatment. Future studies using this paradigm may provide mechanistic insights into human metaplasticity, leading to refined strategies to enhance non-invasive stimulation therapies.
Introduction
Repetitive transcranial magnetic stimulation (rTMS), or the repeated application of TMS pulses to one scalp location at a particular frequency, has modulatory effects on the excitability of cortical networks that outlast the duration of stimulation (PascualLeone et al., 1998) . High-frequency stimulation at 20 Hz to the motor cortex generally increases corticospinal excitability in humans, which can be measured as augmented motor evoked potentials (MEPs) (Maeda et al., 2000a,b) or other electrophysiological measures such as the silent period or the slope of the input-output recruitment curve (Khedr et al., 2007) . This facilitating effect of high-frequency rTMS may be mediated by enhancing synaptic efficacy through mechanisms of long-term potentiation (LTP) (Tokay et al., 2009) , though the underlying neurobiological substrate remains unresolved. In an animal model, repeated sessions of high-frequency rTMS across several days increased the capacity to induce LTP by subsequent electrical stimulation (Ogiue-Ikeda et al., 2003) . In humans, 20 Hz rTMS induced a significantly greater increase in MEPs when performed 24 h following a prior rTMS session using the same stimulation parameters (Maeda et al., 2000b) . These data suggest that rTMS may prime neuroplastic mechanisms, such that the capacity to induce plasticity by stimulation increases as a result of repeated prior stimulation sessions. This change in the ability of a synapse to undergo neuroplastic changes as a result of its recent history is known as metaplasticity, a process that regulates plasticity and may serve a synaptic homeostatic function (Abraham, 2008; Mockett and Hulme, 2008) .
Human behavioral studies of memory consolidation, which is presumed to be a marker for cellular processes of plasticity (Martin and Morris, 2002) have suggested that sleep may provide a unique physiological environment to promote processes of plasticity (Diekelmann and Born, 2010 
